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PARTRIDGE WITH TWO HEARTS. 335 
I faw nothing contrary to the obfervations contained in 
this account. 

Williamfburgh, Feb. 15, 1782. V E R GE. 

I the fubfcriber, merchant at Williamfburgh, refiding 
next door to Mr. Verge, fenior furgeon of artillery, do 
certify that the Ioth of this month, this furgeon came to 
fhew me the entrails of a partridge, and pointed out to 
me two hearts very diftint, adhering by their blood-vef- 
fels to the fame lung. I moreover certify that Mr. Abo- 
ville has read me the account he has given thereof, and 
that I find nothing in it contrary to what I faw. 

THOMAS BENTLEY. 
Williamfburgh, Feb. 8, 1782. 

fente a fes yeux. Je certifie n'avoir rien obferve qui ne foit conforme aux obfervations con- 
tenues dans cet expofe. 

A Williamfburg, le I8 Fev. 17 8.2 
(Signe) Verge. 

Je fouffigne marchand demeurant a Williamfburg a cote de chez M. Verge, chirurgien 
major de l'artillerie, certifie, que le dix de ce mois ce chirurgien vint me montrer les entrailles 
d'une perdrix, et qu'il m'y fit remarquer deux coeurs, bien diftin6ts, tenans tous les deux par 
leurs vaifleaux fanguins, a un meme poumon. Je certifie en outre que M. d'Aboville vient 
de me lire l'expofe qu'il en a fait, et que je n'y ai rien trouve que de conforme a ce que 
j'avois v. 

A Williamfburg, le x8 Fev. 1782. 
(Signd) Thomas Bentley. 

N? XL. 

Conjec7ures concerning Wind and Water-Spouts, Tornados 
and Hurricanes. Communicated by Dr. JOHN PERKINS, 

of BoJon, to JOHN MORGAN, M. D. of Philadelphia, 
Profefor ef the Theory and PraSice of Phyfic; and 
F. R. S. London, &c. 

WI TITH refpea to water-fpouts what I am about to 
confider is whether water afcends or defcends in 
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336 CONJECTURES CONCERNING 

thefe bodies? A queftion which it is reafonable to think 
fhould be determined by faats, and the nature of things; 
and concerning which, if we wifh to attain to any certain- 
ty, we muft be careful not to be milled by fuch appear- 
ances and imaginations, as have hitherto commanded the 
general belief. 

Agreeable to this method of inquiry, I fhall in the firfi 
place produce the obfervations of three or four perfons, 
in whom I can confide for fimplicity and honefty of in- 
tention. 

The firit is that of captain Melling, formerly of Bofton, 
who informed me that in a voyage from our Weft-India 
iflands, in the month of Auguft, in a warm day juft at 
evening, a fpout fell clofe by the veffel, and in two or three 
feconds of time came acrofs the ftern where he then was. 
A flood of water, as he expreffed it, poured upon him and 
almoft beat him down, fo that he was obliged to lay hold 
of what was neareft to him, to prevent being wafled 
overboard, which in his fright he was apprehenfive of. 
But the fpout immediately paffed off with a roaring noife 
into the fea. I afked him if he taited the water? Tafte it 
faid he! I could not help tafting it, it ran into my mouth, 
nofe, eyes and ears. Was it then frefh or falt ? as frefh, 
faid he, as ever I tafted fpring water in my life. 

The next account I had was from captain John Wake- 
field, alfo of Bofton, which was, that being juft within the 
firaits of Gibraltar, a Ipout fell clofe by his fhip with a great 
roaring which he heard as he was fetting in the cabbin, the 
men upon deck immediately crying out for him to come 
up, which he inftantly did, and faw it travelling away 
before the fhip, fo near that he plainly faw the water de- 
fcend. His men affured him that it did fo from the be- 
ginning. IHe told me the wind was very finall during 
the operation of it. 

Captain John Howland, of the fame town, told me 
that in palfing the calm latitudes, a Ipout fell fo near that 

he 



WIND AND WATER-SPOUTS, &c. 337 
he evidently faw the water defcend, very contrary to his 
former opinion concerning thefe bodies. 

Mr. Samuel Spring, of the fame town, told me that in 
a voyage from India, in paffing the ftraits of Malacca, a 
fpout fell by eftimation about fifty yards from their fhip; 
the appearance of which was that of a column of water; 
or rather a ftream of almoft contiguous drops, from the 
cloud down into the fea, making a great froth in the 
place like water falling among rocks, as he expreffed it. 
He faid it was extremely plain that the water defcended. 
One of the fhip's crew was with him when he gave me 
this account, and confirmed it. 

Many other accounts I have had from thofe who have 
feen fpouts, but fo indeterminate as not to be worth much 
notice; I therefore content myfelf with the above, which 
fpeak for themfelves. 

In the next place I fhall make a few remarks on Mr. 
Stuart's figures of fpouts, which he took in the Mediter- 
ranean, as they are to be feen in the philofophical tranf- 
aations of London, Le Motte's abridgement; particularly 
on the pointing to the place of fpattering in the water, 
and the great roar that attends the operation of a large 
fpout; the bufh about the foot or bafe of a great fpout; 
the break or partition in the trunk of it at the top of the 
bufh; and the pillar-like appearance within the bufh. 

Firft I fhall endeavour to give fome idea of the nature 
and caufe of the pointing by the external and apparent 
means that nature ufes in the prodtuaion of a fpout; for 
as to the intimate operations of nature our faculties can- 
not reach them. Two or three obfervations I fuppofe 
will readily be granted, and fhorten my work. 

One is that thofe places where the lower region of air 
is drawn away on one or both fides, either by the heat of 
neighbouring continents, or in the calm latitudes, from 
which it pafeis away into, and for the fupply of the equa- 

torial 
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torial expence, are likely to be the places moft liable to 
fpouts. 

In the next place I expet it will be granted that the air is 
much colder in the upper regions, and of confequence fpe- 
cifically heavier than that near the furface, by which 
when there are little or no differing motions of the air, 
(i. e. winds) in or about the region of the clouds, particular 
fpots of air and vapour in the cloud, may be difpofed to 
defcend, and, when fo, will take very aptly a particular 
channel downwards. Thefe things being granted what is 
of a like kind will readily be fo difpofed too, as when the 
atmofphere is full of vapours condenfing into clouds, this 
condenfation may be quicker in one place than in another, 
which by the acquired cold will become more weighty 
and prefs moft in a particular point. Thus it may defcend 
through the more rarified and yielding fubjacent region, the 
firit drops piercing and making a channel may facilitate the 
defcent of the vapour, till it puts on what Stuart calls a 
fword-like appearance. The agitation caufed by defcend- 
ing will accelerate condenfation, which together with the 
drops paffing through the vapour in this channel, may at 
every ftop in the paffage be wafting the vapour, by taking 
it up into leffer maffes of water till it ends in a point, 
which it will in this cafe naturally do, becaufe the fwifteft 
motion down is in the center of the pointing body. 

Such a fpout may increafe fo as to form maffes of wa- 
ter, the fubftance of the cloud, all obftacles removed, paf- 
ting down in greater abundance, and ftill more fwiftly 
condenfing; or it may prefently ceafe when it has but juft 
appeared, or inftead of this, make, as it were, feveral at- 
tempts for completing a fpout, the vapour teat advancing 
and retiring alternately, but which finally fail, without 
producing effeEt. Thus it has done, as it feems, when 
the cloud has not had fufficient fupplies for it to fucceed 
in a complete and opaque fpout. Such are the appear- 
ances of Mr. Stuart's figures, &c. The obliquity of the 

pointing 
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pointing is owing to the courfe of the air, as the bend is 
to two different ones at different heights. 

The next thing propofed to be confidered, was the 
great roar that attends a complete fpout while it lafts; and 
it is the fame as that in catarats or falls of water from 
great eminencies. This kind of roar could not exift in any 
way of afcent, being very different from that of a whirl- 
wind, which is no other than that of any other itrong wind. 

Mr. Stuart's figures of the great fpouts are drawn with 
the appearance of a bufh round their bafes : The cafe is 
fuch, that great falls of waters mufft make a proportion- 
able fpray; fo that the appearance is natural, and indeed 
a neceffary confequence. It rifes up from the foot of the 
fpout and falls back in a parabolic manner into the fea. 
As was faid of the roar juft now, fo it may be faid of this, 
that it could not have exifted in any conceivable way of 
afcent; while on the contrary it is perfealy agreeable to 
nature on the principle of defcent. It continues the whole 
time of a large fpout, increafing and diminifhing as that 
does. 

The appearance of a break or partition in the trunk of 
the fpout, at the top of the bufh, is a very curious phe- 
nomenon: It is not real but apparent, and could not have 
happened without the bufh; it being caufed by a refrac- 
tion of rays from the drops that conftitute the top of the 
bufh; whence a divergency and fo much lofs of vifion. 

In great fpouts there is alfo a pillar-like appearance, be-L 

ing a part of the trunk within the bufh, and by another 
refraaion through the fide of the bufh; by which it ap- 
pears much bigger than it is, and limited in altitude by 
the break. The three laft are agreeable to the laws of 
optics; and all the five particulars being attendants on the 
greater or the fmaller fpouts, are to me undeniable evi- 
dences of the univerfal defcent of waters in thefe bodies. 
I pafs from Mr. Stuart's figures to that of Mr. Maine, 
which is not lefs curious. 

Mr. 
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Mr. Maine, in the fame philofophical tranfadions, has 
given us the figure of a fpout that fell at Topfliam, near 
Exeter. He has depided it in the ad of ftriking a boat as 
it paffed a creek; from the bottom of which he has drawn 
a rebound of the whole body of the fpout projeded from 
it to a large diftance; evidently proving the defcent: And 
which, while he is arguing for the afcent, it would have 
much become him to have accounted for, and to have fhown 
how it agreed with the dodrine of afcent. The fpout 
proceeding paffed on to the land, and brake off the limbs 
of a tree, beat the thatch off of a houfe, and did perhaps 
various other damage; but we hear nothing of its carry- 
ing up any of the light fubftances and dropping them at 
great diftances, far from any environs of the place, which 
it would moft certainly have done had there been a whirl- 
wind, or any fupernal fudion employed in the operation. 

The fupernal fudion which fome have mentioned I 
fuppofe I may pafs over without more than the bare 
mention of it, but whirlwinds we know there are fre- 
quently, and fome of confiderable ftrength; fo that it be- 
ing the general opinion that fpouts are formed by them, 
it may not be amifs to examine a little what force they 
may reafonably be allowed to have, and the limits of it. 

Their genuine caufe, fuppofing them to be natural pro- 
ductions, is no other than the afcent of the heated and 
confequently lighter air, at the furface, into, or through 
the colder and confequently heavier regions of the atmof- 
phere above: And in proportion to the different degrees 
of heat in one of thefe, and cold in the other, may the 
ftrength of thefe be, but no more. 

Dr. Arbuthnot, in his treatife on the air, tells us, that 
the rarification of the air in the hottelt day in fummer 
renders it but one-tenth lighter than that of the coldeftin 
winter, or in words to this purpofe, if 1 remember right, 
for I have not his book by mre. Suppofing then the up- 
per region the fame at all times as the lower one in win- 

ter 
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ter when a whirlwind happens, it cannot have any great- 
er force than the weight of one-tenth of the atmofphere, 
and confidering the refiftance to its rifing which it muff en- 
counter, and the friaion by the way, not fo much; by which 
the ftrength may not be equal to three feet of water. It is 
undoubtedly nine parts in ten too weak to make a vacuum, 
and having a column of water two miles high to fupport, 
befides the additional neceffity of ftill more force to drive 
it fwiftly up, would require an atmofphere two thoufand 
times more weighty than ours to raife water to the clouds. 

Mr. Stuart fays he faw the water afcend in the heart of 
a fpout; which feems to have been an unlucky expreflion. 
The bodies of large fpouts are too grofs and opaque for 
any one to fee to the center of them; and no one has ever 
pretended to have feen water afcend in the fmall ones. 
His imagination therefore muft have been too ftrong for 
any one to confide in, fo far as was he prejudiced; and 
at leaft one of his views was to prove the afcent; which, 
had he underflood nature in a tolerable degree, he would 
have renounced. 

That there is a gyrating appearance in the great fpouts, 
feems to have been matter of obfervation; nor is there any 
improbability in the thing. As air paffing up in whirl- 
winds, fo water, or air, paffing down may gyrate; and no 
doubt it does. The cafe is, that fome have imagined the 
gyration to have been upwards: but the appearance of gyra- 
tion up or down may eafily deceive, as any one may be 
convinced by obferving the fwift turning of artificial 
fcrews, in which the direaion will appear as the perfon is 
difpofed to fancy it. 

We are told the Chinefe failors anfwer to the queftion, 
what are you afraid of in fpouts, is, that they may break 
in their decks. Which ihows they take them to be de- 
fcents; and their knowledge is from obfervation and ex- 
perience. 

I conclude with one flort remark, viz. That to be- 
lieve water afcends in thefe bodies, to the region of the 

X x clouds, 
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clouds, is virtually to admit of real and effential miracle, 
without fufficient proof; and contrary to every idea we 
can form, of a divinely wife intention. 

Tornados and hurricanes I take to be of the fame gene- 
ral nature, although differing in fome circumftances and 
appearances. 

By the term tornado, or wind-fpout, I mean a violent 
wind which has been obferved in thefe northern colonies 
a few times fince they were difcovered and fettled by our 
people. But perhaps no part of the terraqeous globe is en- 
tirely free from fomething of the like kind, as the atmof- 
phere is every where liable to fimilar commotions. 

The Spanifh term of tornado, feems to have been chiefly 
ufed for a violent florm at fea, of larger extent than what 
I am about to explain, which is of a more contracted na- 
ture, and confined to a narrow fphere of adtion; fo that 
it requires a particular and fignificant name, fuch as wind- 
fpout, till a more fuitable one is found for it. 

Defcription of one. It begins of a fudden; more or 
lefs of clouds having been drawn together, a fpout of wind 
coming from it ftrikes the ground in a round fpot of a few 
rods or perches diameter, with a prone diredion, in the 
courfe of the wind of the day, and proceeds thus half a 
mile or a mile. The pronenefs of its defcent makes it re- 
bound from the earth, throwing fuch things as are move- 
able before it, but fome fideways from it. A vapour, mift 
or rain defcends with it, by which the path of it is mark- 
ed and wet. 

I fhall produce the inftanee of that at Leicefter, a town 
about fifty miles from Bofton, a few years fince, which 
being more violent than ufual, may give fome idea of the 
thing. 

It happened in the month of July, on a hot day about 
four o'clock P. M. A few clouds having gathered weft- 
ward and coming over head, a fudden motion of their 
running together in a point being obferved, immediately 
a fpout of wind ftruck the ground at the weftern end of a 

houfe 
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houfe, and inftantly carried it away, with a negro fellow 
in it, who was afterwards found dead in the path of it. 
Two men and a woman, by the breach of the floor, fell 
into the cellar; one man was driven forceably up into the 
chimney-corner. Thefe were preferved, though much 
bruifed; they were wet with a vapour or mift, as were the 
remains of the floor and the whole path of the fpout. 

This wind raifed boards, timbers, &c. and carried them 
before it. A joiit was found on one end driven near three 
feet into the ground. I imagine the fpout took it in its 
elevated flate and drove it forceably down. By what I 
can learn of its procedure, it continued but three or four 
feconds of time in a place, paffing along with the celerity 
of a middling wind, conflantly declining in ftrength till 
it ceafed. 

There feems to have been fuch a guft as this at cape 
Cod, about forty years ago, of which I received an ac- 
count from two men who lived in the neighbourhood of 
the place. It came on of a fudden, and was fo violent that 
it threw down a young woman who happened to be in the 
way of it; fhe was forced to lay hold on the bufhes which 
happened to be within her reach, to prevent her being carri- 
ed away by it. It paffed a pond of water, and the people 
wondered it did not fuck up the water, as they conceived it 
to be a water-fpout, but it did not. The young womaa 
was however wet with the vapour that accompanied it. 

Of Hurricanes, particularly thofe of the Wef/-lndia Ilands. 

To account fatisfa&orily for thefe convulfions of our 
atmofphere, requires a greater number and more circum- 
flantial obfervations than we are at prefent furnifled with; 
fo that all that can at prefent be faid of their origin and 
caufes muft be very conjetural. However, fince an at- 
tempt to explain them may give occafion to further and 
more exaa obfervations, I fhall proceed to offer my pre- 
fent thoughts concering them. 

X x 2 I believe 
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I believe thofe of the Weft-India iflands to be owing to 
fome occafional obftrudion in the ufual and natural pro- 
cedure of the equatorial trade. This I conjedure from 
the more than ufual preceding calms. In the natural courfe 
of this trade the air rifes up in the line and paffes off to- 
wards the poles, and, in the more contracted degrees of the 
greater latitudes, proves the courfe of their weftern trades : 
So that could this afcent be prevented through the whole 
circle of that zone, there would be no more wefterly winds 
in thefe latitudes than any others. 

Over violent rains and cold naturally tend to check the 
afcent of air out of this circle, rather making it defcend. 
And as there are annual rains in the equator over againft 
thofe iflands, and in fome years more than others, it is eafy 
to conceive fuch an effed, and the confequences. Great 
clouds and over-much vapour generate cold and weight, 
while at the fame time the rains are beating down the air; 
and as thefe prevent the rifing of the air out of the line, 
fo they hinder its ufual progrefs to it from the tropics on 
both fides. Thus calms muff take place; by which the 
natives ufed to predikt approaching hurricanes, without 
underftanding the reafon of the thing. 

Much of calms in the inter-tropical climates caufe ra- 
rifafions, and afcents of air into the upper regions, inftead 
of its being carried to the line to be difpofed of in the 
grand circulation of the atmofphere; this will be the cafe 
more efpecially among the iflands, which increafe the heat 
of the atmofphere. Then by thefe afcents there will be ac- 
cumulations of air above, which becoming cold in the high- 
er regions will acquire a greater fpecific weight, and be dif- 
pofed to defcend on the firft giving way of the more rari- 
fied and yielding fubjacent region; and this will be the 
cafe when there happens not to be fufficient motions of 
air in the middle region to keep fmooth and even the ftra- 
tums of the more and the lefs rarified regions; and fo 
prevent particular portions and places from bending down- 

wards; 
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wards; and it is this alone that does prevent it. By a 
failure in this, a defcent once begun, the confequences 
cannot be prevented: The heavy quantity above will con- 
tinue to defcend till all the upper cold regions are exone- 
rated to many hundreds of miles round; and all their 
contents fhifted into the place of the rarified and lighter 
air below. 

Such are my ideas of the caufes and operations of a 
hurricane in thofe climates. I have only to add here, that 
the rains in thefe violent florms are, as I think, a ftrong 
confirmation of the dotrine of defcent; as they are in that 
kind of hurricane called by failors the Ox's Eye, on the 
coaft of Guinea; and the like happens under various names 
in different parts of our globe. Even the wind in our 
thunder-gufts is from defcent; the air in the cloud being 
rendered denfe and weighty, defcends, and flows in the di- 
rection of the wind of the time, and with the more vio- 
lence, by the warm air at the furface giving way to it. 
Thefe are fometimes ftrong, but feldom attended with 
danger or damage. 

What objedions may be raifed againft thefe opinions, 
fhall be candidly attended to; in the mean time there is 
one objetion that muff be obviated, the argument being 
fomewhat interefted in it. It is as follows. 

Having expreffed my opinion that hurricanes and tor- 
nados or wind fpouts have the fame general nature, while 
we fee a great difparity in their magnitude and procedure; 
fome explanation feems neceffary to prevent miftakes; I 
think a little confideration of the place, climate, and cir- 
cumftances may remove the difficulty. 

The earth is an oblate fpheroid, its diameter many miles 
greater at the equator than at the poles, caufed by its di- 
urnal centrifugal force. If this then has fo great an effeat 
on terraqueous matter, it cannot have lefs on our air, but 
if any difference, rather more; efpecially if we confider, 
that the atmofphere makes a larger diameter, and yet re- 

volves 
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volves in the fame time, fo that its centrifugal force muft 
be proportionably greater. The diurnal motion of the 
earth tends to throw a vaft furplus of air on the equator, 
by which there is probably more air between the tropics 
than on the reft of the globe. But this is a matter of con- 
jecture not to be perceived by any fort of preffure any more 
than by the barometer, for reafons obvious to thofe con- 
verfant in the nature and effea of the feveral principles. 
However it might not be amifs to obferve whether there 
be any difference in the height of the mercury before any 
of thefe ftorms. But to return. 

Although the air in the intert-ropical latitudes is in the 
general lighter than in the remote ones, yet when the 
upper air has obtained a paflage downward, it being vaft 
in quantity, and occupying great fpace, it will be long in 
accelerating and paffing down. The paflage is long, fo 
that it will gain a great deal of the force we find it has by 
the length of defcent. Neither will the middle region be 
difpofed to ihut up without a brifk wind in it, before the 
whole, even to remote regions, is difcharged through the 
large hiatus, as before mentioned and now repeated, to 
account for the duration and extent of thefe otherwife 
wonderful winds, with fuch unrelenting violence. 

Far different is the cafe of the high latitude tornados in 
their circumftances and their manner, although agreeing 
in their general nature. The centrifugal force here has 
extremely little effeat, unlefs to caft the atmofphere to- 
ward the equator inftead of raifing or increafing its quan- 
tity over any given place on either fide. Betides there 
is the attradion of the fun, moon, and all the other pla- 
nets for ever within the tropics attraating the atmofphere 
that way and leffening the height of the high latitude at- 
mofphere, which therefore may be fuppofed not a fourth 
fo high from the furface as that. 

Since then the atmofphere is vaftly lefs in height, and 
alfo much lefs in quantity than toward the line, the defcents 

muft 
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muft naturally be very different. Here are no accumula- 
tions aloft. The quantity ready for a difcharge downward 
is vaftly lefs, and the paffage narrow and contradted; and 
by the almoft conftant motions of air, were there more 
fupplies it would foon fhut up. Befides there is little apt- 
nefs to flow from furrounding regions by reafon of the 
fmallnefs of their depth, &c. And yet fo great is the fpe- 
cific weight of what defcends, that the firft affault has been 
known to equal the greateft violence of the proper hurri- 
canes in their moft powerful moments. 

N? XLI. 

The whole Procefs of the Silk-Worm, from the Egg to the 
Cocon; communicated to Dr. JOHN MORGAN, PhyJici- 
an at Philadelphia, in two Lettersfrom Mejrs HARE 
and SKINNER, Silk Merchants in London, July 27, 
1774, and February 24, 1775. 

Read TuIY T is fome time fince we were honored with your 
, efteemed letter of 27th September laft. We 

Ihould not have delayed fo long acknowledging its receipt, 
if it had been in our power to have fent you before this 
time the manufcript you will receive herewith; but it is 
only lately we have been able to procure it from one of 
the firft houfes in Italy. It contains an exat account of 
the Italian moft improved method of making raw filk. 
We flatter ourfelves it may prove of fome fervice to your 
new eftablifhed manufacory, for whofe ufe folely we fent 
for it to Italy. 

The large quantity of raw filk that continually arrives 
from China every year, being moftly of a round or large 
fize, will a good deal interfere with the fale of yours, 

provided 
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